Efficient allocation of resources has been a problem in small holder farm economy in Nigeria. The study analyzes cost efficiency in food crop production among small-scale farmers in Adamawa State, Nigeria. Specifically, the socioeconomic characteristics of food crop farmers in the study area were described, their various cropping systems identified and the cost efficiency indices of the farmers determined. Data were collected from 360 randomly selected food crop farmers in eight local government areas spread across the four ADP zones of the State using structured questionnaires. The analytical tools were descriptive statistics involving the use of frequency tables and inferential statistics involving the use of stochastic frontier cost function. The result revealed that married female farmers constituted majority (57.22%) of the respondents. Their literacy level was high, as 84% of them had some form of formal education. The respondents cultivated an average of about two hectares of farm land using personal savings. Eleven cropping systems were identified with mixed cropping accounting for about 53% of the cropping systems and about 54% of the total hectarage allocations. The maximum likelihood estimates of the stochastic cost function revealed that the explanatory variables; extension contact, crop diversification and credit availability were significantly and positively related to cost efficiency in the study area. The cost efficiency index ranged from 0.18-0.98, with a mean of 0.84 implying that an average farm in the study area has the scope for increasing cost efficiency by 16% given the existing technology. The study recommended farmers education on fundamental farm management skills to enable farmers plan, evaluate and appraise their farm business activities among others.
INTRODUCTION
The agricultural sector is an important sector in the Nigerian economy in terms of its role in food security, poverty alleviation and economic growth. Food crop production is a major component of all production activities in that sector and comes under different cropping systems, most commonly as mixed farming, mixed cropping or monocropping due largely to consideration for risk minimization, stable income and adaptability to a particular season (Sani and Haruna, 2010) .
Food crop production in Nigeria is dominated by small-scale farmers who cultivate between 0.1 -5.99 hectares and produce about 85-90% of the total foods consumed in the country (Agbonlahor, 1999; Maurice et al., 2013) . These farmers are constrained by inadequate finance to expand production, hence rely on personal savings for their agricultural operations. They are also influenced by farm-specific factors, which delineate their production frontiers resulting in low outputs. Studies have shown that socio-economic characteristics affect farmers' efficiency in production as it influences production decisions, availability and level of use of modern inputs and technology.
When scarce resources are not efficiently utilized by resource poor farmers it could have a multiplier effect on their livelihood and incomes. These farmers would not be able to generate sufficient incomes to mitigate the rising cost of living, increasing population and the normal long dry spell in some parts of the country. This situation creates supply shortages in terms of food availability and accessibility and indirectly creates demand shortages by denying households access to sufficient income.
The major sources of change in food crop production according to Amaza and Maurice (2005) and Panda (2007) include changes in the hectares of various crops cultivated annually, changing production techniques which affect variation in the yields and the productivity of inputs used in the production of various food crops. Others include; type of technology such as variety and agronomic practices of which cropping system is an important aspect of the agronomic practices. In order to improve resource productivity on farms, farmers need to have proper understanding of how to select enterprises for efficient use of resources.
A number of agricultural development institutions and programmes were set up and special programmes launched by successive governments in the country with the aim of improving food supply situation. Most recently is the Agriculture Transformation Agenda; yet significant volume of food is still being imported annually; while agricultural productivity has not appreciated enough to match domestic demand. The share of food import to total import as a proxy for agricultural contribution to the nation's food supply shows an average annual share of 13%, 9.33% and 9.15% respectively for the periods 1994 , 2000 -2012 (CBN, 2006 2012) .
Productivity growth and resource use efficiency issues are the core elements of sustainable crop production of small-scale farming activities, while inefficient use of production inputs can jeopardize food availability and create scarcity. A better understanding of farmers' production efficiency and how well they are able to produce a given level of output using cost minimization input ratio is important for the sustenance of production system. This is necessary since increased output of food crop and productivity are directly related to production efficiency, arising from optimal input combination given the state of technology. Efficiency gains will have a positive impact on raising farm income of resource poor farmers (Okuneye,1995) . Thus, the efficiency with which available resources are used by small-scale farmers becomes a priority subject of investigation in view of the growing gap between demand for and supply of food in the country. This study is therefore undertaken to estimate the cost efficiency of food crop farmers in the study area, describe their socioeconomic characteristics and determine their cropping patterns. This is based on the premise that food availability is a function of food production and considerable effort has been devoted to the analysis of farm level efficiency in developing countries.
Conceptual and Theoretical Framework
Efficiency of a farm refers to its performance in the utilization of resources at its disposal (Kalirajan, 2007) . This performance is either compared with the normative desired level or with that of any other farm. The analysis of efficiency is generally associated with the possibility of farms producing a certain optimal level of output from a given bundle of resources or certain level of output at least cost.
Cost efficiency (otherwise referred to as allocative efficiency) on the other hand refers to the ability of a firm to produce at a given level of output using cost-minimizing input prices (Coelli et al., 2002; Ogundari and Ojo, 2007) . The analysis usually assumes that the firm-farm seeks to optimize a cost-minimization objective function subject to resource constraints. Similarly, cost inefficiency arises when resource inputs are used in proportions which do not lead to profit maximization. In this situation the value of the marginal revenue product (MRP) is not equal to that of the marginal cost of that input. Ogundari and Ojo (2006) examined empirically production efficiency of cassava farms in Osun State of Nigeria using farm level data. The stochastic frontier production and cost function model were used to predict the farm level technical, allocative and economic efficiencies respectively. The result of the analysis revealed that cassava farms in the study area exhibited decreasing positive return to scale, indicating that cassava farmers were efficient in allocating their resources. The predicted mean technical, allocative and economic efficiencies were estimated as 0.903, 0.89 and 0.807 respectively, meaning that technical efficiency appeared to be more significant than allocative efficiency as a source of gain in economic efficiency. Tanko and Jirgi (2008) investigated economic efficiency among small holder arable crop farmers in Kebbi State, Nigeria using translog stochastic frontier profit function model. The result reveals that mean economic efficiency ranged from 0.21 to 0.95, with mean economic efficiency of 0.59. This indicate the existence of a wide efficiency gap between the best economically efficient farmers and that of the average farmers. Farm size and capital inputs were the major factors associated with changes in the output of arable crops; while farmers' specific socio-economic variables, namely; level of education, extension contact and membership of cooperative organization were found to be the significant factors accounting for the variation in efficiency among farmers. Paudel and Matsuoka (2009) analyzed the cost efficiency of maize production in the Chitwan district, Nepal with a view to predicting economic efficiencies using stochastic frontier cost function. The maximumlikelihood estimates of the parameters revealed that estimated coefficients of cost of tractor, animal power, labour, fertilizer, manure, seed and maize output gave positive coefficients and were statistically significant at 5% level. The quantitative estimates obtained from the cost function revealed that an average maize farm from the study incurred about 63% costs above the cost frontier, an indication of inefficiency. Eze et al. (2010) evaluated resource use efficiency in arable crop production among small holder farmers in Owerri agricultural zone of Imo State, Nigeria. The Result revealed that resources were not efficiently allocated by the farmers. The farmers over-utilized the resources of labour, planting materials, fertilizer capital, and under-utilized land. To attain optimality, the study recommended the need for farmers' education on some fundamental farm management skills. Zalkuwi et al. (2014) analysed the determinants of cost efficiency in cowpea production in Adamawa State, Nigeria using stochastic cost frontier. The mean allocative efficiency was estimated at 0.66, indicating that farmers operate at 34% below the cost frontier. The inefficiency models revealed that socio-economic variables, namely; family size, farming experience, gender and extension contact have significantly reduces cost inefficiency among the farmers.
METHODOLOGY i. Study Area
Adamawa State is located in the North East part of Nigeria between latitude 7.0 o N and 11.0 o N of the equator and longitude 11.0 o E and 14.0 o E of the Greenwich meridian (Adebayo, 1999) . The State shares common boundary with Taraba State in the South and West, Gombe State in its Northwest and Borno State to the North. It has an international boundary with the Cameroun Republic along its eastern border. The State covers a land mass area of about 38,741km 2 and is divided into 21 Local Government areas. The State has population of 3,161,374 people comprising of 1,580,333 males and 1,581,041 females (NPC, 2006) . As opposed to a national annual population growth rate of 3.2%, the population of Adamawa State is growing at 2.8% per annum (Adamawa State MDGs Report, 2006) . By 2015, the State is expected to have 4,067,411 inhabitants according to projection.
The State has a tropical climate marked by dry and rainy seasons. The rainy season commences in April and ends in late October. The wettest months are August and September. The mean annual rainfall pattern shows that the amounts range from 700mm in the north-west part to 1600mm in the southern part (Adebayo, 1999) . The mean annual rainfall is less than 1000mm in the central and north-western part of the State. On the other hand, the north-eastern strip and the southern part have over 1000mm of rainfall.
The major economic activity of the inhabitants is agriculture (farming, fishing and cattle rearing). Some of the agricultural crops of importance are cereals, roots and legumes supplemented by few planted trees. The main food crops grown are maize, sorghum, millet, rice, cowpea, groundnut, sweet potato, yam and cassava. The farming system employed is either mono-cropping or mixed cropping. Non-farm economic activities include trading, blacksmithing, fishing and animal husbandry among others.
ii.
Sampling Technique Multi-stage random sampling was employed in the selection of respondents in eight out of the twenty one Local Government Areas of the State. In the first stage, two Local Government Areas were randomly selected in each of the four Agricultural Development Programme (ADP) zones of the State namely; Mubi North and Madagali Local Governments (Zone I), Gombi and Girei Local Governments (Zone II), Mayo-Belwa and Fufore Local Governments (Zone III), and Guyuk and Ganye Local Governments (Zone IV) due to their prominence in food crop production. Each of the State ADP zone has five LGAs except Zone III that has six. In the second stage three villages were randomly sampled in each of the selected Local Government Areas, giving a total of 24 sampled villages. Third stage sampling involved the random selection of 360 food crop farmers in the 24 sampled villages from the existing sampling frame (Appendix 1). Primary data was mainly used for the study and collected through structured questionnaire administration to food crop farmers in the sampled villages with the assistance of trained ADP staff. Data collected were for 2009 and 2010 cropping seasons.
iii.
Analytical Framework
Descriptive statistics involving the use of frequency distributions, percentages and means was used in describing the socio-economic characteristics of the respondents and their cropping systems as well as inferential statistics involving the use of stochastic cost function.
iv.
Model Specification Following Ogundari and Ojo (2007) stochastic cost function was employed to estimate the firm-level cost efficiency of the farmers in the study area. The explicit Cobb-Douglas cost function for food crop farmers in Adamawa State is specified thus; 
Where: Subscript ij refers to the j th observation of the i th farmer. Ln = Logarithm to base e C ij = Total production cost (N/ha) of the i th farmer P 1 = Expenses on land (N) P 2 = Cost of Family labour (N/ha) P 3 = Cost of Hired labour (N/ha) P 4 = Cost of agrochemicals (N/ha) P 5 = Cost of inorganic fertilizer (N/ha) P 6 = Cost of seeds (N/ha) i). Total production cost: This measures the total cost of production per hectare in the last cropping season by the farmers. Since fixed cost of production is negligible in the short-run, the study used only variable cost of production per hectare as a proxy for total production cost.
ii). Expenses on land: This is measured as the amount of money or its equivalent paid as rent for the use of land during the last cropping season. Where produce are given, the study used the value of 10% of the total output as a proxy for expenses on land.
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Where: = Credit availability (dummy, where one indicated those that accessed credit and zero otherwise)
RESULTS AND DISCUSSION
The socio-economic characteristics of the respondents are presented in Table 1 . The result shows that women farmers dominated (57.22%) food crop production in the State thus, agreeing with the findings by Sigot (1995) and Umoh (2006) who reported that women constitute about 60-70% of African agricultural workforce and produce an estimated 70% of total food production. Their age distribution shows that majority (55%) were not more than 40 years of age, while only about 15% were over 50 years of age. Their mean age was 41 years, an indication that they are relatively young and physically active, and this has direct bearing on the availability of able-bodied manpower for primary production.
Majority (about 68%) of food crop farmers in the State had household size of 1-9 persons, with a mean household size of 8 persons. Respondents' educational levels revealed that about 88% of the respondents had some form of formal education. Thus, literacy level is high among the respondents and this could have implication for agricultural production in the area. About 78% of the respondents had farming experience of more than 11 years. The mean of farming experience is about 19 years indicating that most of the respondents were well experienced in food crop production.
The distribution of farm sizes of the respondents shows that majority (about 65%) of them cultivated up to 2 hectares of farm land, while only about 6% cultivated 6 hectares and above. The mean farm size of the respondents is about 2 hectares indicating that food crop production in the State is undertaken on a small scale. 
Cropping systems of the respondents
Cropping systems are the yearly sequence and spatial arrangement of crops on a given area. The objective of any cropping system is efficient allocation of all resources (Panda, 2007) . The distribution of the cropping systems of food crop farmers as presented in Table 2 has revealed eleven (11) cropping systems. Sole cropping accounted for 46.67% of the cropping systems and 45.89% of the total hectarage allocation, while mixed cropping system accounted for 53.33% of the cropping systems and 54.11% of the total hectarage allocation. Maize-based enterprise accounted for 48.07% of the cropping systems and 55.3% of the total hectarage allocation, and is attributed to maize being the staple food of most households in the State.
The distribution of the cropping systems have also revealed that maize/cowpea, sole maize, sole rice and maize/sorghum enterprises accounted for 17.74%, 16.73%, 15.48% and 11.18% respectively of the total hectarage allocated to food crop production in the study area. By implication, it means that these four cropping systems accounted for majority (about 61%) of the total crop area allocated to food crop production. All these crops are staple foods in the State. Sorghum/cowpea, maize/sorghum/cowpea and sole cowpea cropping systems accounted for only 24% of the total area allocated to food crop production. However, maize/millet/cowpea and rice/maize cropping systems were practiced by only few farmers and they accounted for only about 3% of the total hectarage allocation to food crop in the study area.
The farm size of all the enterprises ranged from 1.09-3.45ha, an indication that food crop production in the area is undertaken on a small scale. The total hectarage allocation to food crop production among the respondents was estimated to be 762.25ha., with an average farm size of 2.12ha. 
Allocative Efficiency
The maximum likelihood estimates of the parameters of the stochastic cost frontier model used in estimating allocative efficiency are presented in Table 3 . All parameter estimates have the expected sign, where cost of land (P 1 ), cost of hired labour (P 3 ), cost of agrochemicals (P 4 ) and cost of inorganic fertilizer (P 5 ) are statistically significant, meaning that these factors are important determinants of total cost associated with food crop production in the study area. The cost elasticities with respect to all input variables used in the production analysis are positive, implying that an increase in the costs of land, hired labour, agrochemicals and inorganic fertilizers increases total production cost. That is, 1% increase in the cost of hired labour, cost of agro-chemicals, cost of land and cost of inorganic fertilizers will increase total production cost by approximately 0.25%, 0.17%, 0.015% and 0.37% respectively.
The estimated gamma parameter (γ) of 0.680 is highly significant at 1% level, indicating that 68% of the variation in the total cost of production among the sampled farmers is due to differences in their cost efficiencies. Sigma squared (σ 2 ) on the other hand is 0.825 and statistically significant at 1% level indicating correctness of fit of the model as assumed for the composite error term.
The return to scale is 0.928, indicating decreasing returns to scale. This implies that food crop farmers in the study area are operating in the rational stage of the production surface (stage II) where additional input add less to total output than the preceding unit. Adjustments in the use of inputs can be made at this stage so that farmers could produce at the point of economic optimum which guarantees profit maximization.
The estimated coefficient of the explanatory variables in the inefficiency cost model shows that all the coefficients have the expected signs. Extension contact (Z 3 ), crop diversification (Z 6 ) and credit availability (Z 7 ) are statistically significant and positively related to cost efficiency among the sampled farmers because a negative coefficient implies decrease in cost inefficiency and vice-versa.
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The coefficient of extension variable is estimated to be negative and statistically significant at 5% level, indicating that increased extension services to farmers tend to decrease cost inefficiency in food crop production. Advisory services of extension assist farmers in making sound production and marketing decisions which helps in enhancing cost efficiency.
The coefficient of credit availability is estimated to be negative and statistically significant at 1% level, implying that credit availability among farmers decreases cost inefficiency in food crop production. Borrowed funds used in agricultural production is expected to bring about efficient utilization of such funds so that farmers could realize the output that would sufficiently offset the credit facility and still be left with marketable surplus.
The crop diversification variable in the model is negative and statistically significant at 5% level, implying that crop diversification increases cost efficiency in food crop production. Similarly, as crop diversification decreases and fewer crops are grown, cost inefficiency increases. The practice of mixed cropping enables various crop combinations to use some resource inputs jointly such as labour which otherwise would be allocated to only one crop if produced solely. Cost of production in this situation is expected to be lower under mixed cropping than under sole cropping. The implication is that crop diversification is associated with higher relative allocative efficiency in the use of resource inputs. The distribution of farmers' allocative efficiency indices derived from the analysis of the stochastic cost function is presented in Table 4 . The allocative efficiency of the sampled farmers ranged from 0.18 to 0.98. The mean allocative efficiency is estimated to be 0.84, meaning that an average farmer in the study area has the scope for increasing allocative efficiency by 16% in the shortrun under the existing technology. This would enable the average farmer equate the marginal value product (MVP) of the inputs to the marginal cost of the inputs thereby increasing food crop output and improving farm income. Only 2.5% of the respondents had allocative efficiency of 50% and below, while about 3% had allocative efficiency of 51-70%. The majority of the respondents (about 73%) had allocative efficiency of 71-90%, while only about 18% had allocative efficiency of 91-100%. This result shows that food crop farmers in the study area are fairly efficient in allocation of resources in producing a given level of output using cost minimizing input ratios which reflects the farmers' tendency to minimize resource wastage associated with production process. 
CONCLUSION
Food crop production in Adamawa State is mostly undertaken by the female gender who are mostly full-time farmers and well experienced in food crop production. They cultivated an average farm size of about 2 hectares and utilized personal savings in agricultural production, an indication that agricultural production is still at subsistence level.
Mixed cropping dominated the cropping systems where maize-based enterprise accounted for 48% of the cropping systems and about 55% of the total hectarage allocation to food crop production. Maize-based enterprise accounted for 48.07% of the cropping systems and 55.3% of the total hectare allocation, and is attributed to maize being the staple food of most households. Cowpea is often intercropped with maize, sorghum and millet in the cropping systems due largely to the importance of the crop in meeting the dietary protein requirement of many rural households.
The maximum likelihood estimate of the stochastic frontier cost function revealed that cost of land, cost of hired labour, cost of agrochemicals and cost of inorganic fertilizers contributed significantly and positively to total cost of production. The allocative efficiency index ranged from 0.18-0.98, with a mean of 0.84 an indication that food crop farmers in the study area are fairly efficient in resource allocation for food crop production. The farmers however have scope for increasing allocative efficiency by 16% given the existing technology.
RECOMMENDATIONS
Based on the findings of this research, the following recommendations are proffered. 1. To reduce the negative consequences of inefficient use of resources, farmers should be educated by government and non-governmental agencies on fundamental farm management skills which will enable them to plan, evaluate and appraise their farm business activities. There is also the need for farmers to acquire basic education since education positively influences efficiency.
2.
Effective extension programmes that will educate farmers on efficient allocation of production resources are points upon which the various smallholder development programmes initiated by the government should be built. To this end, the extension arm of the ADP should be resuscitated and strengthened through adequate funding by the government instead of introducing new schemes and programmes which duplicates tasks.
3. Government and donor agencies should encourage and support crop breeding researches so as to raise the productivity of existing seeds. Also, the outcome of such researches should get to the farmers instead of remaining in the libraries and archives. 
ANALYSIS OF COST EFFICIENCY IN FOOD CROP PRODUCTION AMONG SMALL-SCALE FARMERS

